Objective: To compare the mean and maximum common carotid intima-media thickness (CCIMT) in Blacks (Black Caribbean and Black African) and South Asians (People originating from India, Pakistan and Bangladesh) in a population survey and make associations with established cardiovascular risk factors and peripheral arterial disease (PAD). Patients and methods: A subset of 492 (293 South Asians and 199 Blacks) out of 572 participants aged !45 years recruited in a sub-study to the Ethnic-Echocardiographic Heart of England Screening (E-ECHOES) epidemiological study had mean and maximum CCIMT measured. A questionnaire, anthropometric measurements and Ankle Brachial Pressure Index (ABPI) and Intermittent Claudication assessments were made.
Introduction
In the UK, South Asians (people originating from India, Pakistan and Bangladesh) and Blacks (Black African and Black Caribbean) have a higher cardiovascular disease burden when compared to white Europeans. 1 South Asians in particular have an excess mortality for coronary artery disease (CAD), stroke and end-stage renal disease 2, 3 and Blacks a higher mortality from stroke and end-stage renal disease 2,3 than white Europeans. Often, cardiovascular and cerebrovascular events occur in individuals without known pre-existing cardiovascular disease. 4 It is therefore important to accurately identify those subjects at highest risk in an apparently healthy population, who might benefit from targeted preventative measures. 5 Non-invasive markers that allow identification of sub-clinical atherosclerosis include Ankle Brachial Pressure Index (ABPI) and carotid artery intimamedia thickness (IMT). An ABPI value <0.9 has long been used as a surrogate marker for peripheral arterial disease (PAD) with 95% sensitive and specificity for detecting angiogram positive disease. [6] [7] [8] The ABPI, however, is also an indicator of generalized atherosclerosis being associated with higher rates of CAD and cerebrovascular disease (CBVD), 9 as well as cardiovascular risk factors. 9 Common carotid IMT (CCIMT), an index of pre-clinical atherosclerosis, 10 has been associated with conventional cardiovascular risk factors, such as smoking, diabetes mellitus and LDL cholesterol. 11, 12 An increase in CCIMT is associated with greater cardiovascular endpoints including stroke, CAD and with both asymptomatic and symptomatic PAD. 10, [13] [14] [15] Both common and internal CCIMT have been shown to be much higher in patients with PAD, at least in predominantly white European populations. 15 Studies have previously shown some ethnic and racial variations in CCIMT. 10, 11, [15] [16] [17] For example, Blacks have significantly greater CCIMT than Whites, after adjustments for cardiovascular risk factors 10, 17 but no difference or a lower internal carotid artery IMT was found in these studies. A study investigating PAD found no difference in carotid artery IMT between Indian Asians and Europeans, 18 in contrast to a previous study. 19 Given that South Asians and Blacks comprise 75% of minority ethnic groups in the UK. 20 In order to meet the health care needs of the diverse population which exists in the UK, it is important to know if any differences in disease epidemiology exist between different ethnic groups.
The aim of this pilot sub-study to the Ethnic-Echo Cardiographic Heart Of England Screening (E-ECHOES) epidemiological study, was to determine whether any differences in CCIMT exist between the two largest UK minority ethnic groups (South Asians and Blacks) and to see whether relationships with cardiovascular risk factors and PAD differ. This will give us preliminary data to base a large-scale powered epidemiological study in due course.
Methods
This was a cross-sectional population survey of a randomly selected sample of approximately 5000
Black and South Asian male and female residents of Birmingham aged !45 years participating in the E-ECHOES epidemiological study. An in depth explanation of the recruitment process for the E-ECHOES is described elsewhere. 21 Briefly, using 2001 Census data, wards serving the Birmingham Strategic Health Authority area, having >50% Black and minority Ethnic Groups as residents were selected and 20 practices were recruited from these wards. Using the practice age-sex register, all subjects of South Asian or Black ethnicity age !45 years were invited to participate in the studies. Subjects were invited to attend for an assessment at their local general practice. Those interested in participating replied to the invitation by either telephoning a free phone number or returning a reply slip by freepost. The study was approved by Walsall Local Research Ethics Committee (05/Q2708/45) and written informed consent was obtained from all patients.
Clinical assessment
Demographic and medical history were collected using a standard questionnaire and recording form. Data were derived from both the patient and their medical records. All clinical assessments were performed at the same visit. Subjects were defined as having hypertension if they were previously known to have hypertension from medical records, using anti-hypertensive medication, or whose mean of three blood pressure recordings after 5 min rest was >140/90. Subjects were defined as having diabetes mellitus if their medical records stated it or if they were using anti-diabetic medication. We wished to maximize the epidemiological clinical data set, and did not use fasting glucose measurement to diagnose diabetes as we anticipated blood sampling to be low based on previous research in minority ethnic groups. 22 Subjects were defined as being illiterate if they never attended school in any country. Former smokers are those who have previously smoked tobacco but stopped >1 year prior to assessment. Smokers who stopped <1 year prior to assessment were defined as current smokers.
Common carotid artery IMT assessment B-mode ultrasound scanning was performed by one trained operator with the subject supine, using Vivid-i (GE Healthcare) automated software. This software has previously been validated in the measurement of IMT [23] [24] [25] and has been shown to be an accurate measure of IMT even with limited training. Each carotid was examined in the transverse and longitudinal scan planes. Measurement of IMT was made from the longitudinal scan plane in a 1-cm segment at the point on the far wall of the common carotid artery between 1.5 and 2.5 cm proximal to the bifurcation, with the vessel wall parallel to the transducer face. This showed the intima-media boundaries most clearly. IMT was measured at this point because the accuracy of visualization of the intima-media boundaries is greater and IMT tends to be less variable in the common carotid artery than it is in more distal segments. 26, 27 Three recordings were made in the end-diastolic phase for both the mean and maximum IMT on both sides of the neck. Of 492 subjects, 7 only had CCIMT measurements taken from one side, which was used in the analysis-for the remainder, the highest side was used in the subsequent analysis.
CCIMT reproducibility
A single (P.B.) trained operator's measurements were validated by a consultant medical physicist familiar with CCIMT measurement, by scanning 30 carotids for mean and maximum CCIMT blinded to the operator's results. No significant differences were found at a level of 5%. The difference between the trained operator and medical physicist's measurements were 1.84% for mean CCIMT and 2.4% for maximum CCIMT, which was considered acceptable.
PAD assessment
The presence of PAD was assessed by measurement of Ankle Brachial Pressure Index (ABPI). This was measured after 5 min rest in the supine position with a continuous Doppler device (Super Dopplex II, Huntleigh Healthcare), 8 MHz probe and a manual sphygmomanometer. Systolic blood pressure (SBP) in the brachial artery was measured in both arms using a blood pressure cuff and Doppler detection in the antecubital fossa. SBP was recorded three times in each arm. SBP in the left and right dorsalis pedis and posterior tibial arteries was then measured in a blood pressure cuff applied just proximal to the malleoli. For each pressure measurement, the pulse was located using the Doppler probe and the cuff then inflated until the pulse was obliterated. The cuff was then deflated slowly and the pressure noted when the pulse detected by the Doppler probe re-appeared. ABI was calculated for each leg as the ratio of the higher of the two systolic pressures at the ankle and the average of the left and right brachial systolic pressures, unless there was a discrepancy !10 mmHg in blood pressure values between the two arms, in which case the higher side systolic pressure was used.
To standardize the blood pressure measurements all recordings were performed by one operator (PB), trained in the measurement of ABPI.
ABPI values 0.9 in one or both legs were considered diagnostic of PAD The absence of PAD was defined as levels from 0.91 to 1.39 in the absence of re-vascularization of the lower limbs. ABPI values !1.4 were excluded from the analysis as they do not define the diagnosis of PAD.
Intermittent claudication assessment
The presence of intermittent claudication (IC) was defined by the criteria of the Edinburgh Claudication Questionnaire. 28 Translated versions of this questionnaire were used in the chosen language of the patient if this was not English: Urdu, Punjabi, Hindi, Gujarati and Bengali. The translated versions were validated as part of the study. The findings of which will be published elsewhere in due course. PAD was considered asymptomatic when ABPI <0.9 and the Edinburgh Claudication Questionnaire showed no IC. It was considered to be symptomatic if the Edinburgh Claudication Questionnaire suggested definite or atypical claudication.
If consent was granted, blood was drawn from the antecubital fossa using the Vacutainer system. Blood was analysed for full blood count, urea and electrolytes, liver function tests, random glucose and random total cholesterol and triglycerides. Consent was obtained for blood sampling in 48.1% of the study cohort (40.1% in South Asians and 58.8% in Blacks).
Statistical analysis
Statistical analysis was carried out using Minitab version 15. Data were summarized using mean, median, standard deviation and inter-quartile range for continuous parameters. Student's t-test or the Mann-Whitney U-test were used for differences in continuous variables and chi-squared test for categorical data. Paired t-test was used to compare the values in either side of the neck. In cases where less than five participants were used in analysis Fisher's exact test was used. Spearman's rank correlation coefficient was calculated to test the association between the CCIMT and a number of risk factors. A P-value <0.05 was deemed significant. Only variables with statistical significance on univariate analysis at P < 0.05 were entered into linear regression analysis. Table 1 shows clinical, demographic and CCIMT characteristics of the two groups. The South Asian group included more men, had more first-generation migrants, more illiteracy, more CAD, higher serum triglycerides, lower HDL cholesterol and lower CCIMT compared with the Blacks. Black participants had a higher proportion of current and former smokers and higher body mass index (BMI) than South Asians, while no differences in waist circumference were found.
Results

South Asians
Analysis according to sex is present in Table 2 . Categorical variables which significantly increased both mean and maximum CCIMT are shown in Table 3 . South Asian participants with PAD had significantly higher mean and maximum CCIMT than those without this disease. A trend was found between participants with intermittent claudication and mean and maximum CCIMT (0.82 vs. 0.61 mm and 0.96 vs. 0.73 mm, respectively) ( Table 3) . These results did not reach significance, due to the small number (n = 4) of subjects with this condition.
Variables significantly positively correlated with both mean and maximum CCIMT are shown in Table 4 . On linear regression, using the variables sex, age, SBP, LDL cholesterol and HbA1c, variables independently associated with maximum CCIMT were sex, age and LDL cholesterol (Table 5) . Using the same variables as predictors of mean CCIMT, only sex and age remained independent. Adding PAD into the multivariate model along with those variables already described, sex (P = 0.005), age (P = 0.005) and PAD (P = 0.007) were independent predictors of raised mean CCIMT, while sex (P = 0.002), age (P = 0.019), LDL cholesterol (P = 0.045) and PAD remained independent predictors of maximum CCIMT.
Blacks
Analysis according to sex is present in Table 2 . Categorical variables which were significantly associated with CCIMT were diabetes, use of cholesterol lowering medication and anti-platelet medication (Table 6 ). Those with PAD had significantly higher mean and maximum CCIMT than those without this disease. No Black participants had intermittent claudication. Variables significantly positively correlated with both mean and maximum CCIMT are shown in Table 4 . On linear regression, using the same variables as were used in the South Asian model, only age remained a significant predictor for both mean and maximum CCIMT (Table 5 ). Adding PAD into the multivariate model along with those variables already described to find independent predictors for both mean and maximum CCIMT, only age remained independence (mean P = 0.007, maximum P = 0.004).
Comparing South Asians and Blacks
There was no difference in maximum CCIMT between the ethnic groups overall, or between the male or female groups. Mean CCIMT differed significantly. Black subjects overall had higher mean CCIMT (0.64 vs. 0.61 mm; P = 0.022) than South Asians, as did both the male (0.67 vs. 0.63 mm; P = 0.04) and female (0.61 vs. 0.58 mm; P = 0.044) participants. Adjusting for the traditional cardiovascular risk factors, ethnicity was an independent predictor of both maximum (P = 0.036) and mean (P = 0.02) CCIMT. Adjusting for cardiovascular risk factors and ethnicity, PAD was independently predictive of both mean (P = 0.019) and maximum (P = 0.012) CCIMT, even when adjusting for age (P = 0.04 mean; P = 0.026 maximum). 
Discussion
Ethnic minority groups make up 7.9% of the general population of the UK, the largest of these being Asian/Asian British (50.2%) and Black/Black British (24.8%). 20 To date, there is a paucity of data on CCIMT and PAD among minority ethnic groups, in particular the South Asian group. We report comparisons between CCIMT, cardiovascular risk factors and PAD in pilot sub-study of predominantly first-generation UK South Asian and Black migrants.
Ethnicity predicted both mean and maximum CCIMT, independent of traditional cardiovascular risk factors. Black participants had higher mean but not higher maximum CCIMT than South Asians overall and in each sex, which supports previous studies that found that CCIMT is significantly increased in Black populations after controlling for cardiovascular risk factors. 10, 11, 17 We also demonstrated that PAD is predictive of raised CCIMT, independent of traditional cardiovascular risk factors, ethnicity and age. We found that men had significantly higher mean and maximum CCIMT in both ethnic groups, which also supports previous data. 14 As there is no accepted normal reference range for CCIMT, associations were made using this as a continuous variable, rather than a dichotomous one. CCIMT was associated with traditional risk factors in both ethnic groups. Among South Asian participants, hypertension was significantly associated with both increased mean and maximum CCIMT, and SBP and pulse pressure (PP) were positively correlated with both mean and maximum CCIMT, supporting previous literature. [29] [30] [31] However, on linear regression, neither hypertension nor SBP or PP remained independent predictors of CCIMT. Among black participants, SBP and PP were positively correlated with both mean and maximum CCIMT in this group. However, these did not remain independent predictors of CCIMT on linear regression. The relatively small number of participants in this pilot study may have resulted in the lack of significance. Patients with diabetes have previously been found to have increased CCIMT when compared to non-diabetic populations. 32 This was the case in both of our ethnic groups. The presence of diabetes was associated with increased both mean and maximum CCIMT in both South Asian and Black participants. HbA1c was positively correlated with mean and maximum CCIMT in both ethnic groups. As with hypertension, HbA1c finding did not remain independently predictive on multivariate logistic regression. Possible explanations for this were the low level of blood sampling in this study, particularly among the South Asian Group.
Lifetime smoking and LDL cholesterol are strongly related to CCIMT. 33 We found lifetime smoking to be significantly associated with increased mean and maximum CCIMT in South Asians but not in Blacks. Both total cholesterol and LDL cholesterol were significantly correlated with mean and maximum CCIMT among South Asians, with LDL remaining a significant predictor of maximum CCIMT on multivariate logistic regression. In both groups, participants taking cholesterol-lowering medication had significantly greater mean and maximum CCIMT than those not on this medication. This may reflect the fact that people are generally put on cholesterol-lowering medication when they are considered to have high cardiovascular risk or hypercholesterolaemia. If CCIMT is considered to be a marker of atherosclerosis and of cardiovascular risk, 34 one would expect those with higher risk (hence, taking cholesterol-lowering medication) to have higher CCIMT. The same reasoning could apply to participants taking anti-platelet medication. Our study found that in both ethnic groups, those on anti-platelet therapy had higher mean and maximum CCIMT. While the presence of co-existent CAD or CBVD was low in both groups, the presence of cardiovascular risk factors was high, which reflects the use of both cholesterol-lowering and anti-platelet medication among participants.
There is no generalized consensus on whether mean or maximum (focal) thickness is of more importance in determining cardiovascular risk but we suggest that the mean IMT over a 1 cm segment may better reflect generalized atherosclerosis than IMT at a focal point. PAD is a clinical manifestation of atherosclerosis and was associated with both mean and maximum CCIMT in both ethnic groups in this study. Our findings support previous associations between both asymptomatic and symptomatic PAD and this pre-clinical indicator of atherosclerosis in other populations. 14, 15 Our findings are apparent even after adjustment for traditional risk factors, such as ethnicity and age.
Limitations
A number of different methods have been used to measure CCIMT. We used a semi-automated analysis system to determine the mean and maximum CCIMT over a 1-cm segment of the common carotid artery, whose central point is 2 cm from the carotid bifurcation. This site was chosen as the intimamedia boundaries are better defined than in other segments. 26, 27 There is currently no standardization in equipment and protocol for the measurement and recording of IMT. As such, caution must be taken when attempting to draw comparisons between results of different studies Due to the cross-sectional design of this study, we could not report causal associations between socio-demographic variables and CCIMT. Another limitation of this study is that of responder bias. While all eligible South Asian and Black subjects were invited to participate in the E-ECHOES study, patients could respond via a free-phone telephone number or return a stamped addressed envelope. To minimize responder bias, especially from non-English speakers, subjects were telephoned and a verbal explanation was provided. Another possible bias was that consent for blood was low, especially among South Asian participants, which may have affected the strength of associations we found with CCIMT. However, our rate of blood sampling was comparable to other national surveys. 22 Another limitation of this community-based study was that South Asian and Black participants were not matched on gender or on whether they were first-or second-generation migrants. While CCIMT comparisons were made by gender, differences in prevalence of risk factors and their associations with CCIMT may have been affected by differences in gender proportions in each ethnic group. Subjects were invited to participate in this study based on their ethnicity. The significant difference in first-generation migrants between the South Asian and Black groups may have had effects on the prevalence of cardiovascular risk factors and their associations with CCIMT. Finally, our objective was to determine whether any differences in CCIMT exist between the two largest UK minority ethnic groups (South Asians and Blacks), and thus, no white European subjects were studied.
Conclusion
In this pilot study, Black ethnicity is related to greater mean and maximum CCIMT compared to south Asians, even after adjusting for traditional cardiovascular risk factors. The presence of PAD independently predicts mean and maximum CCIMT adjusting for ethnicity, age and cardiovascular risk factors.
